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(54) Vertical evaporator 

(57) A vertical evaporator has an inner tube contain- 
ing a heat exchanger for heating water and an outer 
tube which is coaxial with and surrounds the inner tube, 
forming a sealed system and defining a peripheral 
space between the two tubes. The inner tube has bot- 
tom outlets through which steam and water droplets 
generated by heating water by the heat exchanger are 
ejected. A helical fin is attached to the outer surface of 
the inner tube for centrifugally separating steam and 
water droplets moving upward inside the peripheral 
space in a helical manner. The outer tube has a steam 
outlet at an elevated position for discharging pure steam 
separated from water droplets, as well as a channel 
above the helical fin for collecting water droplets which 
are centrifugally separated from steam. A discharge 
pipe is also provided, leading to the channel for dis- 
charging water collected therein. 
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Description 

This invention relates to an evaporator of a vertical 
type. 

Highly purified distilled water and pure steam are s 
required at production facilities of various medicaments 
as well as sites of medical treatment. This invention 
relates to an improved vertical evaporator adapted for 
use in connection with apparatus for producing distilled 
water or with a pure steam generator for the generation 10 
of pure steam. 

As an example of such an evaporator, Japanese 
Patent Publication Tokko 57-2041 and U.S. patent 
3,875.01 7 have disclosed a vertical evaporator compris- 
ing an inner tube containing a heat exchanger inside 15 
and having a helical flow duct on the outside and an 
outer tube surrounding this inner tube. Water which is 
supplied to the interior of the inner tube is heated by the 
heat exchanger, and the mixture of the pure steam thus 
generated by the heating and water droplets which have 20 
not evaporated is ejected from the bottom of the inner 
tube. While it rises through the helical flow duct, it sepa- 
rates into gaseous and liquid phases, and the separated 
water droplets are dropped from small apertures on 
peripheral surfaces of the duct into a narrow space 25 
formed between this helical flow duct and the outer 
tube, going down to the lower part of the outer tube 
while the separated pure steam is taken out from the 
top- 
Such a prior art evaporator has several drawbacks. 30 
Firstly, since the inner tube having a helical flow duct on 
its exterior is contained inside the outer tube such that a 
narrow space is left between the peripheral surface of 
this duct and the outer tube, the overall structure is com- 
plicated, and not only is its production difficult but its 35 
maintenance is cumbersome. Secondly, since the sepa- 
rated water droplets are dropped from the apertures 
around the helical flow duct into this narrow space down 
to the lower part of the outer tube, dirt will tend to accu- 
mulate easily between the helical flow duct and the 40 
outer tube while its thorough cleaning is very difficult to 
carry out. Such problems would be alleviated by the 
present invention. 

A vertical evaporator according to the invention, 
comprises: an inner tube containing a heat exchanger 45 
for heating water and an outer tube which is coaxial with 
and surrounds the inner tube, forming a sealed system 
and defining a peripheral space between the two tubes, 
wherein said inner tube has bottom outlets through 
which steam and water droplets generated by heating so 
water by the heat exchanger are ejected from the inner 
tube, and wherein means are arranged between the 
outer tube and the inner tube for centrrfugally separating 
steam and water droplets moving upwards inside the 
peripheral space in a helical manner. Preferably said ss 
means takes the form of a helical fin externally attached 
to said inner tube. 

The outer tube has a steam outlet at an elevated 



position for discharging pure steam separated from 
water droplets, as well as means for collecting water 
droplets which are centrrfugally separated from steam. 
Preferably such means take the form of a channel 
located above the helical fin. A discharge pipe is pro- 
vided, leading to the means lor collecting water and dis- 
charging it therefrom. 

The heat exchanger may be of a so-called shell- 
and-tube type, and a plurality of supply tubes are con- 
tained inside the inner tube for supplying water. The 
inlets to these supply tubes open at the top and their 
outlets open at the bottom. A passage for steam is 
formed inside the inner tube. 

Water which is supplied through the supply tubes is 
heated by the steam passing through the passage 
inside the inner tube and is evaporated in part. The mix- 
ture of pure steam thus generated by heat exchange 
and water droplets which have not evaporated is emit- 
ted from the inner tube and thereafter move upward 
inside the peripheral space formed between the inner 
tube and the outer tube. The helical fin causes a helical 
flow, and the droplets which are separated centrifugally 
are collected in the indentation formed on the peripheral 
inner surface of the outer tube while the separated pure 
steam is collected separately. 

According to a preferred embodiment of the inven- 
tion, the outer tube has a larger diameter below the hel- 
ical fin than above the helical fin. This makes the 
peripheral space between the inner and outer tubes 
narrower as the mixture of pure steam and water drop- 
lets moves upward after being emitted from the inner 
tube through the outlets of the supply tubes, causing 
them to move faster upward and increasing the centrifu- 
gal force by which the droplets and the pure steam are 
separated as they move upward in a helical manner, 
guided by the helical fin. A conical member with strate- 
gically shaped vanes is positioned below the inner tube 
to initiate a helical motion to the steam and water drop- 
lets emitted from the inner tube, thereby further intensi- 
fying their helical motion and increasing the centrifugal 
force by which they are separated. A water-removing 
member is provided on the outer peripheral surface of 
the inner tube and serves to prevent water droplets on 
the surface from continuing their upward motion and 
being collected with the pure steam. 

Thus, a vertical evaporator according to this inven- 
tion is not only structurally simple and hence easy to 
maintain but also capable of separating pure stem from 
water droplets more dependably. 

The accompanying drawings illustrate an embodi- 
ment of the invention and, together with the description, 
serve to explain the principles of the invention. 

Fig. 1 is a sectional horizontal view of a vertical 

evaporator according to the invention; 

Fig- 2 is a horizontal view of a portion of the helical 

fin of the evaporator of Fig. 1 ; 

Fig. 3 is a sectional view taken along line 3-3 of Fig. 
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1; and 

Fig. 4 is a plan view of the conically shaped mem- 
ber shown in Fig. 1. 

The invention is described next by way of example s 
with reference to Figs. 1-4 wherein 11 indicates an 
approximately cylindrical inner tube and 21 indicates an 
outer tube. The inner tube 1 1 encloses therein a shell 
and tube heat exchanger 12 for heating supplied water, 
and a helical fin 31, serving as a steam separator, is io 
attached to a portion of its outer surface. The outer tube 
21 is coaxial with the inner tube 1 1 and is formed as a 
sealed system with the inner tube 1 1 enclosed therein. 
A plurality of supply tubes 1 3 for passing supplied water 
therethrough are inserted inside the inner tube 1 1 and is 
are connected to an inlet 14 at the top of the inner tube 
11, their outlets 15 opening to a space 41 formed 
between the bottom of the inner tube 1 1 and the bottom 
part of the outer tube 21 . A steam passage 1 6 for pass- 
ing steam therethrough for heating is formed inside the 20 
inner tube 1 1 between the supply tubes 1 3; its inlet 1 7 is 
on an upper side surface of the inner tube 1 1 ; its outlet 
18, serving as the drain for the steam condensed after 
heat exchange with the supplied water, is at the bottom 
of the outer tube 21 . On an upper side surface of the 2s 
outer tube 21 is a steam outlet 22 for pure steam gener- 
ated from the water supplied through the supply tubes 
13 by heat exchange with the steam passing through 
the steam passage 16. At the bottom of the outer tube 
21 is an outlet 23 for the water droplets which have not 30 
evaporated, that is, the saturated water. 

A channel 51 is formed on the inner peripheral sur- 
face of the outer tube 21 above the helical fin 31 for col- 
lecting water droplets separated from steam, and a 
discharge tube 52 is connected to the channel 51 for 35 
discharging the water droplets collected in the channel 
51 . The downstream end of this discharge tube 52 is 
connected to a return opening 24 on the side surface of 
the outer tube 21 near its bottom. The channel 51 is 
formed in the shape of a ring peripherally around the 40 
outer tube 21 and the discharge tube 52 is connected to 
the channel 51 in the tangential direction, as shown 
more clearly in Fig. 3. As shown in fig. 1 , the outer tube 
21 has a larger diameter below the helical fin 31 . 

There is also provided a conically shaped member 45 
61 below the inner tube 21 directly below the outlets 1 5 
of the supply tubes 13, having vanes 62 attached on its 
surface which are shaped so as to cause a circular flow, 
as shown in Fig. 4. The member 61 is attached to the 
outer peripheral surface of the part of the inner tube 11 so 
in the space 41 between the outlets 15 of the supply 
tubes 13 and the bottom of the outer tube 21. This con- 
ically shaped member 61 serves to cause the water 
droplets and the vapour emitted from the outlets 15 to 
flow in a helix in the same direction as the helical fin 31 . 55 
On the outer peripheral surface of the inner tube 11 
below the helical fin 31 is a water-removing member 71 
comprising an annular piece for removing water drop- 



lets attached to the outer surface of the inner tube 1 1 . 

Inside the inner tube 11, supply water introduced 
through the supply tubes 13 is heated by the heat 
exchange with steam and the mixture of pure steam 
generated by this heating and water droplets which 
have not evaporated is then emitted through the outlets 
1 5 of the supply tubes 1 3 at the bottom of the inner tube 
11. As the mixture collides with the conically shaped 
member 61 with the vanes 62 shaped as shown in Fig. 
4, a helical upward flow results and the mixture of the 
pure steam and water droplets move up in a helix 
through a peripheral space 42 formed between the 
inner tube 1 1 and the outer tube 21 . During this upward 
motion, some of the water droplets become attached to 
the outer peripheral surface of the inner tube 1 1 . the 
attached water will still move upwards on the outer sur- 
face of the inner tube 11 but its upward motion is 
stopped by the water-removing member 71. This 
upward helical motion is accelerated since the diameter 
of the outer tube 21 becomes smaller and hence the 
peripheral space 42 becomes narrower as the steam 
and the water droplets move upward. As the mixture is 
accelerated and continues to move upward in a helical 
manner, it reaches the helical fin 31 and is further accel- 
erated thereby. The centrifugal force of this helical 
motion causes the water droplets to separate from the 
pure steam. The separated water droplets are collected 
in the channel 51 on the inner peripheral surface of the 
outer tube 21 and is discharged through the discharge 
tube 52. Only the pure steam, thus separated from the 
water droplets, continues to move further upward in a 
helical manner inside the peripheral space 42 and is 
removed from the steam outlet 22. 

The invention has been described above by way of 
only one example but this example is not intended to 
limit the scope of the invention. Many modifications and 
variations are possible within the scope of the invention. 
For example, an evaporator as shown in Fig. 1 need not 
be used singly. A plurality of similarly structured such 
evaporators may be connected in series. When two 
such evaporators are connected, for example, the inlet 
14 of a first evaporator on the upstream side serves as 
the entrance for the saturated water discharged from 
the outlet 23 of the second evaporator on the down- 
stream side, the inlet 1 7 of the f irst evaporator for heat- 
ing steam becomes the inlet for pure steam taken out of 
the steam outlet 22 and the outlet 18 of the steam drain 
of the first evaporator becomes the outlet of the second 
evaporator for distilled water. 

In summary, an evaporator embodying this inven- 
tion does not simply drop the separated water droplets 
from small apertures in a helical flow duct through a nar- 
row space between the duct and the outer tube. 
Instead, the separated water droplets are caused to 
move upward in a helical manner and hence are sub- 
jected to a centrifugal force so as to be collected in the 
channel formed on the inner peripheral surface of the 
outer tube. Thus, an evaporator according to this inven- 
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tion is structurally simpler and hence easier to maintain, 
and separation of water droplets from steam can be 
effected more dependably. 

Claims s 

1 . A vertical evaporator comprising: 

an inner tube (1 1) containing a heat exchanger 
(12) for heating water, said inner tube (11) hav- 10 
ing bottom outlets (15) through which steam 
and water droplets generated by heating water 
by said heat exchanger (12) are ejected; 
an outer tube (21) surrounding said inner tube, 
defining peripheral space (42) between said 15 
outer tube and said inner tube; 
means arranged between said inner tube (11) 
and said outer tube (21) for directing said 
steam and water droplets upwards through 
said peripheral space (42) in a helical manner; 20 
said outer tube (21) having a steam outlet (22) 
at an elevated position for discharging pure 
steam separated from water droplets from said 
outer tube (21), said outer tube (21) having 
means for collecting water droplets which are 25 
cerrtrrfugally separated from steam; and 
a discharge pipe (15) leading to said means for 
collecting water for discharging said collected 
water. 

30 

2. The vertical evaporator of Claim 1 wherein said 
means for directing said steam and water droplets 
comprises a helical fin (31) externally attached to 
said inner tube (11). 

35 

3. The vertical evaporator of Claim 2 wherein said 
means for collecting water comprises a channel 
(51) located above said helical fin (31). 

4. The vertical evaporator of Claim 2 or Claim 3 40 
wherein said outer tube (21) has a larger diameter 
below said helical fin (31) than above said helical 

fin. 

5. The vertical evaporator of any of Claims 2, 3 or 4 45 
further comprising a member (61) disposed directly 
below said bottom outlets (15) of said inner tube 

(1 1), said member (61) serving to cause steam and 
water droplets emitted through said bottom outlets 
(15) to flow upward in a helical manner and in the so 
same direction as said helical fin (31). 

6. The vertical evaporator of any of Claims 2 to 5 fur- 
ther comprising a water-removing member (71) 
attached to said inner tube (11) below said helical ss 
fin (31) for removing water drops on the outer sur- 
face of said inner tube. 
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